Abstract. The as cast Ti6Al4V, obtained after investment casting with yttria stabilized zirconia face-coat, was chemically milled using a mixture of hydrofluoric acid and nitric acid. This process removed completely the alpha-case layer. Lower hardness and almost no oxygen contamination are revealed after microhardness measurement, Energy dispersive X-ray and X-ray diffraction analysis. The hydrofluoric acid/nitric acid ratio, pickled Ti6Al4V surface, pickling efficiency, pickling rate, immersion time and solution temperature are discussed.
Introduction
Titanium and its alloys are extensively used in the new generation of commercial aircrafts and biomedical applications, because of their advantages, such as high specific strength, excellent fatigue property, good corrosion resistance and excellent biocompatibility. However the high melting point and high reactivity of titanium and its alloys with ceramic crucibles and ceramic moulds lead to the formation of alpha-case layer, in spite of the thermodynamic stability of ceramic refractories such yttria stabilized zirconia and yttria.
The commercially pure Ti (cp Ti) and its alloys may possibly interact with the ceramic materials such as Al 2 O 3 , ZrSiO 4 , ZrO 2 and CaO or Y 2 O 3 stabilized ZrO 2 during melting or investment casting processes. The α-case layer generated thereby seems to be the result of both interstitially dissolved elements such as O, N, and C and substitutionally dissolved elements such as Si, Ca, Fe, Zr and Y [1, 2, 3, 4] .
Hydrofluoric acid offers a fast pickling rate for removing this alpha-case layer from the surface. Although the optimal ratio of nitric-hydrofluoric solution and the mechanism of the etching have been investigated by Say et al. [5] , the optimal time and temperature, and the effect of the chemically milling solution on the free surface after the alpha-case removal still needs to be addressed.
This study, mainly, investigated the removal of the alpha-case layer generated by yttria stabilized zirconia/Ti-6Al-4V interaction during the investment casting and the process optimization.
Experimental Procedure
The Ti-6Al-4V alloy was investment cast, after induction melting, using fully yttria stabilized zirconia (Y 2 O 3 -ZrO 2 ) face-coat. The ceramic shell mould was made by alternate dipping of wax patterns into a colloidal ZrO 2 and subsequent stuccoing with ZrO 2 stucco. The entire tree mould was first dried for 24 hours at 22°C, then de-waxed using a LBBC steam boiler clave at 200°C and 8 bars for 15 min. and fired at 800 o C for 2 hours. Ti-6Al-4V samples were chemically milled in nitric-hydrofluoric acid solution (HF+HNO 3 ). Cylindrical specimens of 15mm diameter and 10mm thick were used. Hydrofluoric acid (55%) and nitric acid (70%) were mixed with distilled water to make up the pickling solutions. Subsequently, specimens were immersed, washed with pressured water and then ultrasonically in acetone. The Vickers microhardness was measured from the surface according to the ASTM E92 [6] . The free surface and the cross section of the as cast was chemically analyzed using the Scanning Electron Microscope (SEM) equipped with Energy dispersive X-Ray (EDS) and X-ray diffraction (XRD).The loss of weight and the seize reduction were determined for chemical milling rate and efficiency evaluation purposes. 
Results and Discussion
The SEM analysis, performed on the as cast revealed the black spot contamination, rough edge and cracks at the edge of the castings, see Fig. 1a . The presence of contaminating elements (Table  1) was found on the as cast free surface, Fig. 1b and 1c . The XRD analysis X-ray diffraction analysis made on the as cast free surface revealed the presence of Ti oxides, Al 2 O 3 , CaCO 3 , FeO and V 8 C 7 , as represented on the XRD spectrum, Fig. 2 . The depth profile of the microhardness decreased from 650 HV at the edge, to 400 HV at 1100 µm for the as cast (Fig. 3a) , however is around 430 on the free surface of the chemically milled (Fig. 3) . Table 1 . The solution of 3%HF+20HNO 3 produced the less contamination and relatively acceptable surface roughness. The pickling rate and efficiency are seriously affected by the chemical milling temperature; the highest rate is reached at temperature range of 60- 
Conclusions
The alpha-case was efficiently removed using the optimal ratio of hydrofluoric/nitric acid solution.
The surface finished and its subsequent chemical contamination were affected by hydrofluoric/nitric acid ratio, and the pickling time and temperature. 
